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l| 1 . Field of Invention 

^ The present invention relates to methods and systems that support data display on 

E3 portable computing devices. In particular, embodiments of the invention reformat tabular 

data developed for display on conventional desktop devices into a format suitable for 

display on a portable computing device. 

20 

2. Background of the Invention 

Portable computing devices have become popular forms of computing systems. 
Portable computing devices may include handheld computing devices, personal digital 
assistants ("PDAs"), palmtops, computerized telephones, wireless computing appliances, 
25 computerized notebooks, and other such devices. These computing systems typically 
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allow users to access large amounts of information such as an address book, a personal 
calendar, and a list of to-dos. 

Portable computing systems may also include communications equipment 
configured to retrieve data from remote information sources, such as websites. For 
5 example, various software vendors have developed web browsers for Palm OS handheld 
computing devices. These browsers may provide portable computing devices with fast 
access to a full range of remote content, such as websites. For example, using a browser 
and a modem, users of Palm OS handheld computers may access virtually any site on the 
Internet, not just those sites designed for mobile access. To provide users with a rich, full 
10 Internet experience, web browsers for portable computing devices may support color 
■JS graphics, personalization, bookmarks, and strong security features. 

% Many remote information sources (e.g., websites) have been designed for display 

-5 on conventional computing devices. Accordingly, the display of such information 
s sources on portable computing devices may be substandard. In some cases, the portable 
TJ computing device's display of this remotely originated data may be so poor that the user 
is unable to interact with the data in a meaningful manner. 

^ Fig. 1A illustrates a web page 110 as it might appear on a conventional computer 

display monitor 101. The designers of the web page 110 developed the page for display 
on conventional monitors such as the monitor 101. Accordingly, the web page 110 fits 

20 nicely within the boundaries of the display space provided by the monitor 101. 

Fig. IB illustrates how the web page 110 may appear on a portable computing 
device display monitor 102. The display monitor 102 has different dimensions than the 
display monitor 101. Moreover, many portable computing device monitors are also 
smaller than conventional desktop display monitors. Since the web page 110 has been 
25 optimized for display on the conventional monitor 101, the web page 110 may have a 
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sub-optimal display on a device with different characteristics. A user of the portable 
computing device may use a vertical display system comprised of directional arrows 
103a, 103b and slider 105a and a horizontal display system comprised of directional 
arrows 104a, 104b and slider 105b in order to interact with the web page 110. 
Unfortunately, for some remote data, even vertical and horizontal display systems may be 
inadequate for enabling the user to make sense of the remote data and interact with it in a 
timely or meaningful manner. 
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Embodiments of the invention may reformat content prepared for display on one 
device, such as a conventional desktop display monitor, for display on a second device, 

5 such as a portable computing device's display monitor. In particular, embodiments of the 
invention may reformat tabular data incorporated in a given remote data page, such as a 
page from a website, into a format better suited for display on a portable computing 
device. Embodiments of the invention provide various display heuristics configured to 
analyze and reformat tabular data for display on portable computing devices. The display 

ifl heuristics may be embodied in software executable on various computing devices as well 

^ as in various forms of computing hardware. 

O Embodiments of the invention may provide a method and system of reformatting 

qj display data. The display data may be received in a format suitable for displaying on a 
'T first display device. The method and system determine whether the received display data 
8 contains tabular data and remove tabular formatting from the display data to yield display 
0 data suitable for displaying on a second display device, where the second display device 
P has different display dimensions than the first display device. 

Embodiments of the invention also may provide a method and system for 
translating tabular data from a first display format to a second display format. A single 

20 row/single column heuristic module examines tabular data and removes tabular 
formatting from the tabular data if the tabular data contains fewer than two columns or 
fewer than two rows. A maximum width display heuristic module examines tabular data 
and removes tabular formatting from the tabular data if the tabular data indicates a 
horizontal display length exceeding an absolute maximum width allowance. A wide 

25 column display heuristic module examines tabular data and removes tabular formatting if 
the tabular data contains more than one column exceeding a predetermined maximum 
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column width allowance. A nested table display heuristic module examines tabular data, 
determines if the tabular data includes nested tables, containing an inner table and at least 
one outer table, and removes tabular formatting from the at least one outer table. 

Embodiments of the invention may further provide a system and method for 
translating tabular data prepared for a first display format into a second display format. 
For example, the method determines if the tabular data includes nested tables, wherein 
the nested tables include an inner table and outer tables. Tabular data formatting is 
removed from the inner table if the inner table contains less than one column or less than 
one row. The method removes tabular data formatting if the inner table contains more 
than one column exceeding a first predetermined width allowance. Tabular data 
formatting may also be removed if the inner table has a horizontal display length greater 
than a second predetermined width allowance. The method also removes tabular data 
formatting for the outer tables. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A illustrates a web page as it might appear on a conventional computer 
display monitor. 

Fig. IB illustrates how the web page may appear on a portable computing device 
5 display monitor. 

Fig. 2 is a block diagram of a proxy server having display heuristics software for 
enhancing display of a remote data page on a portable computing device, according to an 
embodiment of the invention. 

^ Fig. 3 is a flowchart for a single row, single column display heuristic procedure 

10 that may be included in the display heuristics software, according to an embodiment of 

42 the invention. 

J" Fig. 4 is a flowchart for a maximum width display heuristic that may be included 

^ in the display heuristics software, according to an embodiment of the invention. 

01 Fig. 5 is a flowchart for a wide column display heuristic that may be included in 

13 the display heuristics software, according to an embodiment of the invention. 

Fig. 6A illustrates how a remote data table containing four large images would be 
displayed on a conventional display device. 

Fig. 6B illustrates how the four large images shown in Fig. 6 A would be appear on 
a portable computing display device after analysis of the remote data table by a display 
20 heuristic, according to an embodiment of the invention. 

Fig. 7 is a flowchart for a nested table display heuristic that may be included in the 
display heuristics software, according to an embodiment of the invention. 
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Fig. 8A illustrates a remote data page containing a remote data table that contains 
various nested tables. 

Fig. 8B illustrates that a heuristic procedure's analysis of the table shown in Fig. 
8A may encounter the beginning and end tags for another table before encountering the 
5 end tag for the table. 

Fig. 9A illustrates a remote data page containing a remote data table that itself 
contains several nested tables as it would be displayed on a conventional display. 

Fig. 9B illustrates the remote data page shown in Fig. 9A as it would be displayed 

y on a portable computing device display following analysis by display heuristics software, 

10 according to an embodiment of the invention. 

Ji Fig. 10A illustrates a remote data page as it might appear on a conventional 

]S display monitor. 

y Fig. 10B illustrates how the remote data page may appear on a portable computing 

Q device display monitor following analysis by display heuristic software, according to an 

if embodiment of the invention. 

Fig. 11A is a block diagram illustrating display heuristics software 207 executing 
on the portable computing device 201, according to an alternative embodiment of the 
invention. 

Fig. 11B is a block diagram illustrating a portable computing device 
20 communicating directly with a content site to request a remote data page, according to an 
embodiment of the invention. 
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Fig. 12 is a flowchart for a logical relationship display heuristic procedure that 
may be included in the display heuristics software, according to an alternate embodiment 
of the invention. 
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DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 



Embodiments of the invention reformat content prepared for display on one 
5 device, such as a conventional desktop display monitor, for display on a second device, 
such as a portable computing device display monitor. In particular, embodiments of the 
invention may reformat tabular data incorporated in a given display, such as a page from 
a website, into a format better suited for display on a portable computing device. 

Many remote data pages, such as website pages, contain tabular data provided for 
organizational purposes (e.g., page layout purposes) rather than tabular data as such. 
While the tabular formatting may provide a solution to the limitations of particular 
markup languages (e.g., HTML), the tabular formatting may also produce sub-optimal 
displays when the tabular data is displayed on a screen other than the one for which it 
was formatted. For example, a screen comprising tabular data developed for display on a 
conventional desktop display monitor may appear as a virtually indecipherable behemoth 
on the smaller screen of a portable computing device, requiring the user to scroll left/right 
and up/down in order to process the information conveyed. In some circumstances, the 
user may even be unable to comprehend the web page and/or interact with it in a 
meaningful manner. 

20 Some tabular formatting can be removed from a remote data page without 

destroying the integrity of the page and removal of tabular formatting may improve the 
usefulness of the remote data page when displayed on another device, such as a portable 
computing device, having a screen of different size and dimensions than the conventional 
screen for which the tabular data was prepared. Of course, the remote data page may 

25 contain some tabular formatting that should be preserved. 
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Accordingly, various display heuristics may be employed to analyze and reformat 
tabular data for display on portable computing devices, according to embodiments of the 
invention. For example, data inherently displayed in a tabular format (e.g., information 
from a data matrix) should generally be preserved in a tabular format while data prepared 
in a tabular format for some other reason (e.g., to overcome markup language limitations) 
should generally not be preserved in a tabular format when displayed on a portable 
computing device. Because of the differences between conventional display screens and 
portable computing device screens, and the amount of web page data that uses tabular 
data merely for formatting purposes, the display re-formatting heuristics may generally 
be biased towards removing tabular display formats, according to an embodiment of the 
invention. Of course, tabular formats will be retained in some circumstances. 
Embodiments of the invention may express these display heuristics in software 
executable on various computing devices as well as in various forms of computing 
hardware. 

Fig. 2 is a block diagram of a proxy server 204 having display heuristics software 
207 for enhancing display of a remote data page 21 1 on a portable computing device 201, 
according to an embodiment of the invention. The proxy server 204 includes a processor 
205 (e.g., a CPU), a memory 206, and a data repository 208. The memory 206 includes 
the display heuristics software 207 that has been configured to examine and reformat 
tabular data for display on the portable computing device 201. The content site 209 (e.g., 
a web server) typically includes a data repository 210 that contains the remote data page 
211 (e.g., a web page) that may be requested by a user associated with the portable 
computing device 201. 

The display heuristics software 207 includes various modules, such as a single 
row/single column heuristic module 221, a maximum width display heuristic module 
223, a wide column display heuristic module 225, and a nested table display heuristic 
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module 227. The display heuristics software 207 may examine a remote data table 214 
included in the remote data page 211 and reformat the remote data table 214, if 
necessary, to enhance its display on the portable computing device 201, 

The proxy server processor 205 executes instructions contained in the display 
5 heuristics software 207. The memory 206 may comprise any type of memory device 
such as RAM, ROM, flash, cache, EEPROM, magnetic, bubble, optical, etc. The 
memory 206 may retrieve the display heuristics software 207 from a data repository 208 
that has been configured to retain information on a permanent or semi-permanent basis. 

The portable computing device 201 may include a processor 203 (e.g., a CPU), a 
memory 202, and a display device 212. The portable computing device 201 may 
represent a handheld computing device, a personal digital assistant ("PDA"), a palmtop, a 
computerized telephone, a wireless computing appliance, a computerized notebook, 
and/or other such similar devices. 

A user associated with the portable computing device 201 may request the remote 
13 data page 211. The processor 203 sends a request across a network 215 to the proxy 
g server 204. The network 215 may represent a wireless network, for example. The proxy 
server 204, via the processor 205, sends the user's request for the remote data page 211 
across a network 220 to the content site 209. The network 220 may represent an 
electronic network such as the Internet, for example. 

20 The proxy server 204 receives the remote data page 211 from the content site 209. 

The remote data page 211 may contain tabular data, such as the remote data table 214, 
whose unaltered display on the portable computing device's display device 212 might be 
sub-optimal. Accordingly, the display heuristics software 207 examines the tabular data 
contained in the remote data table 214 and may reformat the tabular data before the proxy 
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server 204 sends the remote data table 214 to the portable computing device 201 for 
display to the user. 

The display heuristics software 207 may be included in other software operating 
on the proxy server 204. For example, the display heuristics software 207 may be 
5 included in a content transformation module ("CTM") (not shown) operating on the 
proxy server 204. A CTM typically applies various rules to the remote data page 21 1 to 
optimize its viewing on the display device 212 of the portable computing device 201. For 
example, the CTM may perform tasks such as stripping out extra white space by 
removing extra line break tags (e.g., "<BR>"), changing line breaks to paragraph tags, 
S3 stripping out empty paragraph tags, stripping out line break tags at the beginning or end 
5 of table cells, and other such tasks. In addition, the CTM may include the display 
S heuristics software 207. Of course, the display heuristics software 207 need not be 
J contained within other software such as the CTM. 

The display heuristics software 207 may perform a number of tasks in examining 
J| tabular data contained in the remote data page 211. The display heuristics software's 
S various modules (e.g., the single row/single column heuristic module 221) may be 
J*f configured to operate in various orders. For example, the display heuristics software 207 
may first execute the single row/single column heuristic module 221 that determines if 
tabular data contains just one row or one column, and if so, removes the tabular 
20 formatting. The display heuristics software 207 may then execute the maximum width 
display heuristic module 223 that determines if the tabular data exceeds a specified width, 
and if so, removes the tabular formatting. The display heuristics software 207 may next 
execute the wide column display heuristic module 225 that determines if the tabular data 
contains more than one column exceeding a particular width, and if so, removes the 
25 tabular formatting. Finally, the display heuristic software 207 may execute a nested table 
display heuristic module 227 that locates the innermost table from a collection of nested 
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tables and removes the tabular formatting from all but the innermost table. Of course, 
other embodiments of the invention may execute these heuristics in other orders. 
Similarly, embodiments of the invention may execute less than all of the heuristics 
disclosed herein, while still other embodiments of the invention may execute additional 
5 heuristics. Since the display heuristics software 207 may execute several different 
heuristics before completing examination of the remote data page 211, the display 
heuristics software 207 may need to retain some data regarding the remote data page 211 
in a memory (e.g., in the memory 206). 

Fig. 3 is a flowchart for a single row, single column display heuristic procedure 
ftf 300 that may be included in the display heuristics software 207 (e.g., the single 
5 row/single column heuristic module 221 shown in Fig. 2), according to an embodiment of 
O the invention. The heuristic procedure 300 first determines if the tabular data from a 
rrg remote data page (e.g., the remote data table 214 in the remote data page 211) contains 
y more than one column (step 301). If the tabular data contains more than one column 
i3 (step 301), then the heuristic procedure 300 removes the table format from the tabular 
Q data (step 305). Removing the tabular format may also be known as "unrolling" the table 
O and/or "linearizing" the table. The actual removal procedure typically comprises 
^ removing any table markers from the remote tabular data indicative of a tabular display 
and/or that provide information regarding a tabular display. If the tabular data does not 
20 contain more than one column (step 301), then the procedure 300 determines if the 
tabular data contains a single row (step 303). If the tabular data contains only a single 
row (step 303), then the heuristic procedure 300 removes the table format from the 
tabular data (step 305) and then terminates. If the table contains more than a single row 
(step 303), then the procedure 300 terminates. Of course, in an alternate embodiment, the 
25 heuristic procedure 300 could determine whether the tabular data contains more than one 
row prior to determining if the tabular data contains more than one column. 
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Fig. 4 is a flowchart for a maximum width display heuristic 400 that may be 
included in the display heuristics software 207 (e.g., the maximum width display 
heuristic module 223 shown in Fig. 2), according to an embodiment of the invention. 
The heuristic procedure 400 determines whether the tabular data located in a remote data 
5 page (e.g., the remote data table 214) will have a display that exceeds an absolute 
maximum width allowance (step 401). If the tabular data does not exceed the absolute 
maximum width allowance (step 401), then the heuristic procedure 400 terminates. If the 
tabular data exceeds the absolute maximum width allowance (step 401), then the heuristic 
procedure 400 removes the tabular format from the tabular data (step 403). 

RJf A different absolute maximum width allowance may be appropriate for different 

S display devices (e.g., the display device 212). For example, a preferred absolute 

O maximum width for many models of Handspring Visor computers is 350 pixels. The 

[K absolute maximum width allowance may be selected based upon a number of factors, 

j p such as minimizing the amount of vertical scrolling that must be performed by the user in 

S order to review the remote data page (e.g., the remote data page 21 1) as displayed. 

SI Fig. 5 is a flowchart for a wide column display heuristic 500 that may be included 

in the display heuristics software 207 (e.g., the wide column display heuristic module 225 
shown in Fig. 2), according to an embodiment of the invention. The procedure 500 
determines if tabular data (e.g., the remote data table 214) contains multiple columns 

20 (step 501). If the tabular data contains only a single column (step 501), then a single row 
single column display heuristic (e.g., the heuristic procedure 300 shown in Fig. 3) is 
invoked (step 503). If the tabular data contains multiple columns (step 501), then the 
heuristic procedure 500 determines if all columns have been examined to determine if 
one or more of the columns exceeds a maximum column width allowance based upon 

25 various characteristics such as a maximum pixel width allowance and a maximum text 



21495/05944/SF/5052786.4 



Attorney Docket No. 6165 

15 

length allowance (step 505). If all columns have been examined (step 505), then the 
procedure terminates. 

If all columns have not been examined (step 505), then the heuristic procedure 500 
determines if the column being examined contains an image exceeding a maximum pixel 
5 width allowance (step 507). The maximum pixel width allowance may be selected based 
upon a number of factors, such as minimizing the amount of horizontal scrolling that 
must be performed by the user in order to review the remote data page (e.g., the remote 
data page 211) as displayed. For example, a preferred maximum pixel width allowance 
for many models of Handspring Visor computers is 120 pixels. If the column contains an 
1® image exceeding the maximum pixel width allowance (step 507), then the heuristic 
il procedure 500 determines if a previous column in the table has exceeded the maximum 
q column width allowance (step 513). If a previous column has exceeded the maximum 
J5 column width allowance (step 513), then the heuristic procedure 500 removes the tabular 
^ format from the tabular data (step 515). If a previous column has not exceeded the 
Q maximum column width allowance (step 513), then the heuristic procedure 500 makes an 
Q indication that a table column has exceeded the maximum column width allowance (step 
f* 517). The procedure 500 then examines the next column in the table (step 519). 

If the column does not contain an image exceeding the maximum pixel width 
allowance (step 507), then the procedure 500 determines if the column being examined 

20 contains a form input field (step 509). A form input field conventionally provides a 
mechanism for a user to enter information (e.g., "submit your PIN number here.") If the 
column contains a form input field (step 507), then the procedure 500 determines if the 
maximum column width allowance has previously been exceeded (step 513). If the 
maximum column allowance has previously been exceeded (step 513), then the heuristic 

25 procedure 500 removes the tabular format from the tabular data (step 515). If the 
heuristic procedure 500 has not previously recorded that a column in the table has 
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exceeded the maximum column width allowance (step 513), then the procedure 500 
makes an indication that the maximum column allowance has been exceeded (step 517). 
The heuristic procedure 500 then examines the next column in the table (step 519). 

If the heuristic procedure 500 determines that the column does not contain a form 
5 input field (step 509), then the heuristic procedure 500 determines if the column contains 
text exceeding a maximum text length allowance (step 519). The maximum text length 
allowance may be selected based upon a number of factors, such as minimizing the 
amount of vertical scrolling that must be performed by the user in order to review the 
remote data page (e.g., the remote data page 21 1) as displayed. For example, a preferred 
IS maximum text length allowance for many models of Handspring Visor computers is 40 
up characters. If the column contains text in excess of the maximum text length allowance 
p% (step 511), then the heuristic procedure 500 determines if the maximum column width 
J: allowance has been previously exceeded (step 513). If the maximum column width 
5 allowance has been previously exceeded (step 513), then the heuristic procedure 500 
E5 removes the tabular format from the tabular data (step 515). If the maximum column 
H width allowance has not been previously exceeded (step 513), then the heuristic 
procedure 500 makes an indication that the maximum column width allowance has been 
^ exceeded (step 517). The heuristic procedure 500 examines the next column in the table 
(step 519). 

20 Of course, some steps of the heuristic procedure 500 could be performed in 

another order without changing the outcome of procedure's analysis of the tabular data. 
For example, steps 507, 509, and 511 could be performed in any order. Moreover, in an 
alternate embodiment of the invention, one or more of these steps could be eliminated. 
For example, form input fields may be determined to have a minimal negative impact on 

25 display for some portable computing devices such that they would not be automatically 
considered to exceed the maximum column width allowance, e.g., excessively long form 
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input fields could be detected by other heuristics such as the maximum width display 
heuristic procedure 400 shown in Fig. 4. 

Fig. 6A illustrates how a remote data table 600 (e.g., a table in a web page) 
containing four large images 601-604 would be displayed on a conventional display 
5 device 605. In the remote data table 600, the images 601-604 have been marked for 
display in a grid, typically because the table's designers believed that the images 601-604 
would fit within the boundaries of the conventional display device 605. However, the 
remote data table 600 and its large images 601-604 might not display as well on a 
portable computing display device, in part because of the device's different dimensions 
M and smaller size. Accordingly, Fig. 6B illustrates how the images 601-604 would be 
ffl appear on a portable computing display device 610 after analysis of the remote data table 

Q 

p 600 by a display heuristic, such as the wide column display heuristic 500 illustrated in 
5 Fig. 5. As shown in Fig. 6B, the display heuristic has removed the tabular formatting for 
^ the images 601-604 because their size has exceeded one or more display allowances. As 
13 a result, the device 610 displays the images 601-604 individually rather than grouped as a 
O table. While the portable computing device's user may have to manipulate a vertical 
pj sliding mechanism 607 in order to see all four images 601-604, the user may not also 
^ require a horizontal sliding mechanism in order to see the images. Thus, the images 601- 

604 should be provided to the user in a more intuitive and easy-to-use manner. Of 
20 course, in some instances, the user may still require some form of horizontal sliding 

mechanism, but heuristics procedures, such as the wide column display heuristic 500 

shown in Fig. 5, may generally simplify the display of remote data on portable computing 

devices. 

Fig. 7 is a flowchart for a nested table display heuristic 700 that may be included 
25 in the display heuristics software 207 (e.g., the nested table display heuristic module 
227), according to an embodiment of the invention. The heuristic procedure 700 
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determines if tabular data contains nested tables (step 701). If the tabular data does not 
contain nested tables (step 701), then the tabular data may retain its tabular format, 
although the tabular formatting may be removed by other display heuristics procedures. 
If the tabular data contains nested tables (step 701), then the heuristic procedure 700 
5 locates the innermost table(s) (step 703). The heuristic procedure 700 may employ a 
recursive technique in order to locate the innermost table(s). The heuristic procedure 700 
discards the tabular format for all but the innermost table(s) (step 705). Of course, the 
innermost table(s) may be examined by other display heuristic procedures, which may 
remove the tabular formatting for these tables. 

M Fig. 8 A illustrates remote data page 801 (e.g., a web page) containing a remote 

,q data table 803 that itself contains various nested tables 805-819. For example, the table 

n 

S 815 is a nested tabled within the table 819, which itself is a nested table within the table 

T 809, which is itself a nested table within the table 803. Thus, the innermost table of this 

03 

tabular series is the table 815. Application of the heuristic procedure 700 to the tables 
Q 803, 809, 819, and 815 would result in the removal of the tabular formatting for the tables 
fg 803, 809, and 819. The table 815 would retain its tabular formatting, according to the 
:;!: heuristic procedure 700, although the table 815 might lose its tabular formatting by 
^ application of another heuristic procedure, such as the wide column display heuristic 

procedure 500 shown in Fig. 5. 

20 A tabular format may be indicated in a variety of ways, but such formatting is 

typically indicated by the use of a start tag (e.g., start tag 817a) and an end tag (e.g., end 
tag 817b). Removal of the tabular formatting typically involves removing the start tag 
and end tag for the tabular data. Once the tabular formatting has been removed, then 
other display software may process the formerly tabular data. As previously mentioned, 

25 the heuristic procedures employed by the display heuristics software 207 may require that 
some data about tables be retained during processing. In analyzing a tabular data, a 
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heuristic procedure may encounter the end tag for a given table following the beginning 
and ending tags of other tables. For example, as shown in Fig. 8B, a heuristic 
procedure's analysis of the table 803 ("table 1") would typically encounter the start and 
end tags for the table 811 ("table 5") before encountering the end tag for the table 803. 
5 Accordingly, the heuristic procedure 700 may need to retain some information in 
memory about the tabular data during its processing. 

Fig. 9A illustrates a remote data page 901 containing a remote data table 903 that 
itself contains several nested tables 905-911 as it would be displayed on a conventional 
display 930. Fig. 9B illustrates the remote data page 901 as it would be displayed on a 
1^ portable computing device display 940 following analysis by display heuristics software 
a (e.g., the display heuristics software 207), according to an embodiment of the invention. 
q As previously discussed, the heuristic display procedures may typically be applied in a 
ffk variety of orders. Application of a single row/single column heuristic (e.g., the single 
f * row/single column display heuristic procedure 300 shown in Fig. 3) would remove the 
9 tabular data formatting for the table 905 since this table contains only a single row 913. 
13 Application of a maximum display width heuristic (e.g., the maximum display width 
n heuristic procedure 400 shown in Fig. 4) might determine that no individual table had a 
p * width exceeding the amount allowed. However, application of a wide column display 
heuristic (e.g., the wide column display heuristic procedure 500 shown in Fig. 5) would 
20 remove the tabular formatting for the table 911 because both column 921 and column 923 
exceeded the maximum column width allowance. This heuristic may likewise permit 
retention of the tabular formatting for the table 907 since only one column (e.g., a column 
917) may exceed the maximum column width allowance. Application of a nested table 
display heuristic (e.g., the nested table display heuristic procedure 700 shown in Fig. 7) 
25 removes tabular formatting for table 903, table 909, and table 909. With the remote data 
page 901 reformatted by the display heuristic software, the content of the remote data 
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page 901 can be processed by other software associated with the display of the remote 
data page on the portable computing device display 940. 

Fig. 10A illustrates a remote data page 1003 (e.g., a web page) as it might appear 
on a conventional display monitor 1001. The designers of the remote data page 1003 
5 may have even developed the page mindful of the characteristics of the monitor 1001, 
such as the dimensions of its display area. Accordingly, the page 1003 fits nicely within 
the boundaries of the display space provided by the monitor 1001. The page 1003 
contains several instances of tabular data. Included among the tabular data are a 
welcome table 1005, a my page table 1007, a personalization table 1009 ? and a nested 
1/0? weather table 1011. The page 1003 likely contains other tabular data in addition to the 

JO tables identified above. 

P 

Jp Fig. 10B illustrates how the remote data page 1003 may appear on a portable 

Ig computing device display monitor 1020 following analysis by display heuristic software 
^ {e.g., the display heuristic software 207), according to an embodiment of the invention. 
1| The monitor 1020 has a display area smaller than the display area of the monitor 1001. 
01 The page 1003 extends beyond the bottom edge of the monitor 1020. Accordingly, a user 
;5 viewing the monitor 1020 may engage a vertical display system comprised of directional 
arrows 1012a, 1012b and a slider 1014 in order to interact with the page 1003. The user 
may navigate fairly quickly through the page 1003 using the slider 1014, for example, 
20 and does not need to operate a horizontal sliding system in this embodiment. 

Analysis of the welcome table 1005 by the display heuristic software's maximum 
width display heuristic module (e.g., the maximum width display heuristic module 223) 
indicates that the table 1005 exceeds the absolute maximum width allowance. 
Accordingly, the table 1005 loses its tabular formatting when displayed on the monitor 
25 1020 and is consequently displayed on multiple rows. 
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Analysis of the my page table 1007 by the display heuristic software's wide 
column display heuristic module (e.g., the wide column display heuristic module 225) 
indicates that the table 1007 contains more than one column exceeding the maximum 
column width allowance. Accordingly, the table 1007 loses its tabular formatting when 
5 displayed on the monitor 1020 and is consequently displayed on multiple rows. 

The wide column display heuristic module's analysis of the personalization table 
1009 does not find more than one column exceeding the maximum column width 
allowance, thus the module does not remove the tabular formatting. Likewise, the 
display heuristic software's other modules also find that the table 1009 exceeds no other 
allowances or settings and allow the table to retain its tabular formatting on the monitor 
1020. 

Analysis of the nested weather table 1011 by the display heuristic software's 
nested table display heuristic module (e.g., the nested table display heuristic module 227) 
indicates that the table 1011 contains one or more nested tables. Accordingly, the table 
1011 loses its outer tabular formatting but retains its inner tabular formatting (e.g., the 
table matching cities with temperatures and forecast pictures). The display heuristic 
software's other modules find that the inner table exceeds no other allowances or settings, 
and the inner table is allowed to retain its tabular formatting on the monitor 1020. 

The remote data page 1003 may appear differently on the monitor 1001 and the 
20 monitor 1020 for reasons other than the display heuristics software, as previously 
discussed. For example, the proxy server and the portable computing device may both 
contain additional software that alter the display of the remote data page 1003 and the 
page's tabular data, according to an embodiment of the invention. 

Fig. 11 A is a block diagram illustrating display heuristics software 207 executing 
25 on the portable computing device 201, according to an alternative embodiment of the 
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invention. The display heuristics software 207 may function directly on the portable 
computer device 201. Of course, some portable computing devices may have limited 
processors and/or limited memories such that the heuristic software would operate more 
efficiently from a proxy server as described in Fig. 2A. However, this need not always 
5 be the case, and over time, employing display heuristics software on proxy servers may 
become less prevalent. Likewise, the bandwidth of the electronic network over which the 
portable computing device 201 communicates with the content site 209 may be limited 
such that presentation of the remote data page 21 1 on the portable computing device 201 
may function more efficiently if the display heuristics software 207 operates from a 
\Q proxy server. Nevertheless, the display heuristics software 207 may be located on the 
portable computing device 201 itself. 



f;3 Fig. 11B represents an alternative embodiment of the invention in which the 

portable computing device 201 directly retrieves the remote data page 211 from the 
P content site 211 via electronic network 1102 (e.g., without the assistance of the proxy 
B server 204). In such embodiments, the display heuristics software 207 would likely be 
p located on the portable computing device 201. Of course, the display heuristics software 
207 could also be located on the content site 209 if the content site was aware of the 
characteristics of the portable computing device's display. 

Fig. 12 is a flowchart for a logical relationship display heuristic procedure 1200 
20 that may be included in the display heuristics software 207, according to an alternate 
embodiment of the invention. The heuristic procedure 1200 determines if tabular data 
contains more than one image exceeding a maximum pixel width allowance (step 1203). 
The maximum pixel width allowance may be selected based upon a number of factors, 
such as minimizing the amount of horizontal scrolling that must be performed by the user 
25 in order to review the remote data page (e.g., the remote data page 21 1) as displayed. For 
example, a preferred maximum pixel width allowance for many models of Handspring 
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Visor computers is 120 pixels. If the tabular data does not contain more than one image 
exceeding the maximum pixel width allowance (step 1203), then the heuristic procedure 
1200 terminates. If the tabular data contains more than one image exceeding the 
maximum pixel width allowance (step 1203), then the heuristic procedure 1200 
5 determines if the images are logically related (step 1205). If the images are not logically 
related (step 1205), then the heuristic procedure 1200 removes the tabular format for the 
table (step 1207). In this regard, the heuristic procedure 1200 may resemble the heuristic 
procedure 500 shown in Fig. 5. 

If the images are logically related (step 1205), then the heuristic procedure 1200 
sizes the images to fit a maximum display width (step 1209). The heuristic procedure 
1200 assumes that the tabular formatting for logically related images should be retained if 
possible. Of course, a different absolute maximum width allowance may be appropriate 
for different display devices (e.g., the display device 212 shown in Fig. 2). For example, 
a preferred absolute maximum width allowance for many models of Handspring Visor 
computers is 350 pixels. The absolute maximum width allowance may be selected based 
upon a number of factors, such as minimizing the amount of horizontal scrolling that 
must be performed by the user in order to review the remote data page (e.g., the remote 
data page 21 1) as displayed. 

Software implementing the display heuristics may be written for operation with 
20 any computer operating system and for operation in any computing environment. In 
addition, any such software may be designed using CORBA, ACTIVEX® controls, 
JavaScript, and/or Java applets. According to one embodiment of the invention, Java 
applets may provide a plug-in display heuristics module for use with another application 
on both a single computer and in a networked embodiment. 
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System operators and users may modify variables used by the display heuristics 
software, according to embodiments of the invention. For example, embodiments of the 
invention may allow a user to modify or update the maximum pixel width allowance used 
for images to be displayed on her portable computing device. Likewise, the display 
heuristics software may be configured to use different variables for different portable 
computing devices and different models of portable computing devices. The proxy 
server may include software that determines the display characteristics of portable 
computing devices requesting remote data pages and tunes the tabular data in the remote 
data pages to fit the display characteristics of the device. 

The display heuristics may be developed using an object-oriented programming 
methodology or using any other programming methodology that results in a computing 
system having appropriate functionality. The invention has been discussed in terms of 
computer programs but is equally applicable for systems utilizing hardware that performs 
similar functions, such as application specific integrated circuits ("ASICs")- 

These and other changes can be made to the invention in light of the above 
detailed description. In general, in the following claims, the terms used should not be 
construed to limit the invention to the specific embodiments disclosed in the specification 
and the claims, but should be construed to include all systems and methods that operate 
under the claims set forth hereinbelow. Accordingly, the invention is not limited by the 
disclosure. 
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